Severe acute respiratory syndrome (SARS) has caused major outbreaks worldwide, resulting in an urgent need to obtain sensitive and accurate diagnosis of this disease. PCR-based detection methods were developed for use on a variety of samples, including blood. Eighteen subjects were investigated, and results indicated that blood samples contain sufficient virus for detection by using quantitative real-time PCR. on May 7, 2015 by guest http://jcm.asm.org/ Downloaded from 348 NOTES J. CLIN. MICROBIOL. on May 7, 2015 by guest http://jcm.asm.org/ Downloaded from FIG. 2. Detection of SARS CoV from 18 subjects by real-time quantitative PCR. Data for RNA from 18 subjects are shown. The viral load is indicated as number of copies per ml of blood. A sample would be considered positive if it generated a typical amplification curve within the 45 cycles. Negative signals from subjects 5 to 18 and the nontemplate control (water) are shown. The inset graph shows melting-curve analysis of the PCR products from the 18 subjects. The x axis denotes the temperature ( o C), and the y axis denotes the fluorescence intensity (F2) over the background level. 350 NOTES J. CLIN. MICROBIOL. on May 7, 2015 by guest
Severe acute respiratory syndrome (SARS) was first identified in late November 2002 in Guangdong Province, China. In the ensuing months, major outbreaks were reported from Vietnam, Hong Kong, Canada, Singapore, other parts of China, Taiwan, and elsewhere in the world. The disease is unusual in its high level of infectivity, as demonstrated among the health care workers and family members that were in close contact with infected individuals. In addition, it was reported that infected patients do not respond to empirical antimicrobial treatment for acute community-acquired typical or atypical pneumonia (4, 7) . The cause of SARS was identified as a novel coronavirus (CoV) (3, 4) because clinical specimens from patients infected with SARS revealed the presence of crownshaped CoV particles. This new CoV was thus referred to as SARS CoV. The full-length genome sequence of the SARS CoV was reported from different isolates (5, 10) , and the genome organization of SARS CoV was found to be similar to that of other CoVs (5, 10) .
CoVs are a family of positive-strand RNA-enveloped viruses called Coronaviridae, which are now categorized under the newly established order Nidovirales. This order comprises the families Coronaviridae and Arteriviridae. The name Nidovirales comes from the Latin word nidus, for nest, referring to the 3Ј-coterminal "nested" set of subgenomic mRNAs produced during viral infection (2) . The SARS CoV genome is very large, 29.7 kb (5, 10), and encodes 23 putative proteins. Major structural proteins include nucleocapsid, spike, membrane, and small envelope. Nonstructural proteins include the papainlike proteinase, 3C-like proteinase, RNA-dependent RNA polymerase (RdRp), helicase, and many other proteins involved with viral replication and transcription (2, 6) . In other CoVs, many of the nonstructural proteins are only slightly conserved in the viral sequence, the exception being RdRp, which is highly conserved in many CoVs. In previous studies, primer pairs have been designed against different regions along the SARS CoV (3, 8, 9) and have managed to detect SARS CoV in a variety of clinical samples (3, 8, 9) . In one report, the earliest detection observed was in sputum at day 3 (3), while in a different study, detection was found only at day 5 in nasopharyngeal aspirate (NPA), peaking at day 10 (8). In the same study, no association was found with the NPA viral load and clinical progression (8) . For this report, we have investigated the use of blood as a means of detecting viral load in SARS patients, a method which in the future may allow improved estimation of disease progression.
Specific primers were designed against the highly conserved polymerase gene of the SARS CoV genome, as sequence comparison among the 14 SARS isolates demonstrated no variations in the SARS CoV RdRp region (10), making the RdRp an ideal region for designing specific diagnostic PCR primers in order to ensure that they will not quickly become obsolete due to sequence mutation. The performance of these primers was assessed in two assays using in vitro-transcribed RNA and virus-spiked samples. In the first PCR assay, 2 l of RNA was reverse transcribed with Expand reverse transcriptase (Roche, Mannheim, Germany) using primer 5Ј-GGCATCATCAGAA AGAATCATCAT-3Ј, thereby generating 20 l of cDNA. This was amplified with primers 5Ј-GGTTGGGATTATCCAAAA TGTGA-3Ј and 5Ј-GGCATCATCAGAAAGAATCATCA T-3Ј using 2.5 l in 25-l reaction mixtures (94°C for 10 s; 35 cycles of 94°C for 10 s, 50°C for 30 s, and 72°C for 1 min; and finally, 72°C for 7 min) with an Expand High-Fidelity PCR system (Roche). Nested primers (5Ј-ACTATATGTT AAACCAGGTGG-3Ј and 5Ј-ATTTACATTGGCTGTAAC AGC-3Ј) were used in a second round of PCR, which used 2.5 l of first-round PCR product as a template in a 25-l reaction mixture. The size of this nested PCR product was 110 bp and was resolved in 1.5 to 2% agarose gels. PCR products were sequenced directly to confirm the identity of the products. Results are shown in Table 1 .
Next, we used the LightCycler SARS CoV quantification kit (Roche) in a one-step reverse transcriptase PCR for the realtime quantitative PCR that was also designed for the polymerase region and utilized sequence-specific hybridization probes as the detection format. Five microliters of RNA was reverse transcribed and amplified in a 20-l reaction mixture according to the manufacturer's recommendations.
In order to test the sensitivities of this assay, virus grown in Vero E6 cells was harvested, titrated, and spiked into 200 l of Tris-EDTA buffer, sputum, stool suspension, and blood. RNA was extracted from spiked samples by using the HighPure nucleic acid viral kit (Roche) and the QIAamp viral RNA Mini kit (Qiagen) according to the manufacturers' instructions. Comparable results were achieved. Quantitated singlestranded RNA standards (provided by Roche) showed the sensitivity of the assay to be less than 85 copies per reaction (Fig. 1A) . The melting curves (Fig. 1A, inset ) also confirmed the specificity of the PCR. The internal control showed that there was no inhibition in the samples that had negative signals (Fig. 1B) . The detected viral load in the spike samples varied from 1 ϫ 10 3 to 5 ϫ 10 3 copies per reaction (Fig. 1A) . This suggests that the extraction protocol used was approximately 10% efficient, with sputum having the greatest efficiency for the clinical samples.
We noted that during the outbreak, most clinical specimens collected for SARS detection (including sputum, NPA, and endotracheal tube samples) involved considerable risk to the health care worker; thus, in order to reduce this risk, we have evaluated the suitability of blood for SARS CoV de-tection. We investigated 18 subjects comprising eight probable SARS patients and four patients who initially had symptoms similar to SARS but were later diagnosed otherwise. Two of the four subjects who were initially "suspect" for SARS were later diagnosed as having pulmonary tuberculosis and Escherichia coli urinary tract infection. The diagnosis of the other two patients was not determined. Four out of eight probable SARS patients had detectable virus in their blood, while the four non-SARS patients and six control samples from healthy individuals showed no virus ( Fig.  2 and Table 1 ). In addition, control samples spiked with other human CoVs showed no signals (data not shown). Once again, melting-curve analysis confirmed the specificity of the PCR products (Fig. 2, inset) . Viral load in the four positive SARS patients varied from 2 ϫ 10 3 copies to 1 ϫ 10 4 copies per ml of blood ( Fig. 2; Table 1 ). It is unclear from these data whether this variation predicts clinical outcome; however, work from other studies has shown that blood viral load is a good indicator of disease progression (1) . The two PCR methods described herein showed equal sensitivity in terms of detection. However, the gel-based assay method is laborious and nonquantitative.
We detected virus in blood at 2 days after the onset of symptoms, which is earlier than previously reported (3, 8, 9) . Although it is important to further define the window period for detection of SARS CoV in blood, it is interesting to speculate that the time course of SARS CoV viremia may be relatively short, with our data suggesting that, at days 12 to 14, viral load is too low to detect (Table 1) . More patients and sequential sampling would be required to confirm this supposition.
In conclusion, we have shown that the SARS CoV viral load can be determined in patients' blood by using PCR methods, and our data suggest that SARS CoV can be detected early in blood, i.e., within the first week of symptom onset. This fact allows early diagnosis and determination of viral load, both of 
